: Sugar consumption and caries risk in schoolchildren with low caries experience. Community Dent Oral Epidemiol 1995; 23: 142-6. © Munksgaard, 1995 Abstract -This paper assesses the risk from sugar consumption in a population of schoolchildren with low caries experience. It relates eight different measures of sugar consumption to the occurrence of any DMFS increment, and, separately, to approximal and pit-and-fissure DMFS. The data are from a 3-yr longitudinal study of 429 children, initially aged 11-15, residing in non-fluoridated rural communities in Michigan, USA. All children completed at least three dietary interviews, were present for baseline and final dental examinations, and had a parent or guardian provide questionnaire information on residence history, use of fluoride and dental services, and family history. Results indicated that a higher proportion of total energy intake from sugars increased the probability of caries on all surfaces, and a higher total intake of sugars was also associated with total caries increment. No relationship, however, was found between DMFS increment and the frequency of eating high sugar foods. Each additional 5 g of daily sugars intake was associated with a 1% increase in the probability of developing caries, and those whose energy intake from sugars was 1 SD above the mean had 2.0 times the risk of developing approximal caries than did children whose energy intake from sugars was 1 SD below the mean.
It has been accepted for many years, and almost without question since the Vipeholm study (1) , that sugar consumption is a major risk factor for dental caries. In recent years, however, the relation between sugar consumption and caries experience has become less clear in those countries in which fluoride is widely used. While some recent reports from developed countries have continued to identify a clear association between various measures of sugar intake and caries (2) (3) (4) (5) , these relationships seem strong only in populations with high caries experience. By the late 1980s there were other findings from developed countries which showed little relationship between sugar intake and the development of caries (5) (6) (7) (8) (9) (10) (11) . Reviews from the same period concluded that the time-honored association between sugar intake and caries was weak in low-caries populations (12) (13) (14) , and that tnuch of this lack of association could be attributed to modern preventive practices. Recent longitudinal studies in England (15) and in Michigan, USA (16) were perhaps the tnost comprehensive human studies of those conducted in recent years. Both found that caries increment in children was more strongly associated with total consumption of sugars than with frequency of ingestion, though both associations were weak.
While the evidence thus suggests that the sugar/caries relationship is changing in the age of the caries decline, there have been only a few attempts in the literature to quantify this relationship in terms of risk assessment (12, 17, 18) . This paper analyzes data from the Michigan study (16) to specify the relationship between sugar intake and caries experience in a population of schoolchildren in which caries experience was low. The analysis relates eight measures of sugar consumption and frequency of ingestion to the probability of experiencing any increment, and to the probability of experiencing approximal and pit-and-flssure caries separately.
iVIateriais and methods
Details of the research design and methods have been previously described (16) . In brief, the study was conducted in the non-fluoridated communities of Coldwater, Quincy, and Union City, Michigan, between 1982 and 1985. Dietary information was obtained frotn structured 24-hour recall interviews which spanned different days of the week, including weekends, and different seasons of the year. Each participant granted at least three dietary interviews, the protocol for which recorded type and quantity of food itetns consumed as well as tirne of ingestion. The mean ntimber of dietary interviews was 5.2. All data for dietary variables were averages derived frorn all interviews cornpleted for each child. While this is not the only way of determining food consumption over the 3 yr, it seemed more representative than alternatives such as the median or the highest value recorded. Parents or guardians of the participating children completed a questionnaire on I'esidenee history, use of fluoride and dental services, and details of fatnily history. Dental exarninations were conducted by two experienced examiners frorn the National Institute of Dental Research at baseline and after 3 yr. Information on food and beverages consutned was cotiverted to nutrients by means of the Michigan State University Nutrient Data Bank.
An "eating occasion" was defined as ingestion of food or beverage items no more than 20 min apart, so that consumption of a pizza followed by a cookie 25 miti later would be recorded as two eating occasions. Consumption of food or beverage tiot defined as part of a tneal was considered a snack. Whether an eating occasion was a meal or a snack was defined by the participant rather than by time of day.
The analysis presented here related to the 429 children, initially aged 11-15 yr, who completed at least three dietary interviews, were present for baseline and final dental examinations, and whose parent or guardian provided complete data on the background questionnaire. Three dependent variables were assessed in the logistic regression models: total DMFS incrernent, approxitiial DMFS increment, and DMFS increment in pitand-fissured surfaces. Pit-and-fissure increment included the fissured buccal and lingual extensions on molars; no free smooth surfaces with caries were detected. In the models, the dependent variables were used in diehototnous form, where zero defined those children with no caries increment and one defined those who developed caries on the relevant surfaces during the 3 yr of the study.
Dietary variables relating to sugars were specified in eight different forms: a) percent of energy intake from all sugars (SUGARS%); b) grams of sugar consumed per day (SUGARS); c) percent of energy intake from sugars in snacks (SNACK SUGARS%); d) gratiis of snack sugars per day (SNACK SUGARS); e) nutnber of snacks per day (SNACKS); 0 number of eating occasions per day (TOTAL.OCC); g) average nutnber of snacks per day with at least one food containing more than 15% sugars of energy value (HS.SNACKS); and h) the number of eating occasions, meals as well as snacks, which included a high sugars food (HS.OCC). These variables were used, one at a time, as the independent variables in the equations.
Potentially confounding variables were introdttced to avoid spurious associations between the dependent variable and the suspected risk factor. These variables, all taken frorn the questionnaire completed by parents or guardians during the study, were baseline age; sex of the participant; previous residence in a fluoridated comrnunity; history of use of dietary fiuoride supplements; frequency of topical fluoride applications; toothbrushing frequency; antibiotic use; education level of parents; and family income. With three dependent variables for caries measures atid eight indepetident dietary variables tested in the logistic regression models, we examitied a total of 24 equations. Table 1 shows the numbers of subjects with zero and non-zero increments, overall and by specific surface type, as well as the mean DMFS increments for each surface type. Table 2a lists the mean values and standard deviations for the eight independent dietary variables that were used in the models, while Table 2b shows the distributions of the control variables. The logistic regression analyses (Table 3 ) demonstrated a statistically significant positive association between sugars as percent of total energy intake (SUGARS%) and all three forms of the caries variable, and between total sugars intake in grams (SUGARS) and total caries increment. Table 4 shows that the overall probability of developing caries on any surfaee during the 3 yr of the study was 0.73. According to the tnodel, those children one standard deviation below the tnean of SUGARS% had a probability of 0.67 of developing any caries, while those children one standard deviation above the mean had a probability of 0.79. Because plus or minus one statidard deviation on the SUGAR% variable represents a change frorn 21.65% to 31.65% of energy from sugars (i.e. a range of 10"/o), and the probability difference in caries associated with this ratige of sugar intake is 0.12 (0.79 tiiinus 0.67), therefore (because 0.12/0.10=1.2), we can state that each additional 1% rise in the total energy coming from sugars was associated with a slightly more than 1% rise in the probability of caries.
Results
A similar pattern is seen in Table 4 for the probability of developing caries on any surface and total sugars intake (SUGARS). These data show that plus or tninus one standard deviatioti in total sugar intake eticotnpasses a range of 86.8 g, and that the probability difference in caries associated with this range is 0.11 (0.78 tninus 0.67). Therefore, approxitnately 8 g of additional sugar intake is associated with each 1% increase in the probability of caries (86.8/11 =7.89). Table 4 also shows that the overall probability of developing approxitiial caries was 0.20. The logistie model further suggests that those one standard deviation above the mean of SUGARS% had a probability of approximal caries of 0.25, and those one standard deviation below the tnean had a probability of approximal caries of 0.16. Those one standard deviation above the mean SUGARS%) intake were thus about 1.6 times tnore likely to develop approxitnal caries than those one standard deviation below the mean SUGARS%i intake. ' Sugars % is percent of ail energy intake from sugars. Sugars (g) is mean daily intake from all sources. Discussion Methods -Specification of the sugar-caries relationship is complicated by the many facets of sugar consumption, such as total amount consumed, frequency of ingestion, between-meal versus withmeal consutnption, the varying sugar content of foods, possible sugar-starch interactions, and physical form of the sugar containing foods. In addition, the dependent variable, caries increment, could also be specified in alternative ways. In this analysis, we chose to assess the probability of any caries increment during the study, meaning a dichotomous variable, instead of using the mean DMFS increment, a continuous variable, which would require the use of linear regression. Although neither specification of the dependent variable is inherently "correct", in a population with such a low caries increment, the basic cotnparison of DMFS increment becomes, in essence, a comparison of those with no disease versus those with a generally small, but positive, increment. The dietary variables used in the individual models in Table 4 are correlated, which is why they were tested individually rather than together in a single model. Therefore, the effect of a dietary change that reduced both the proportion of sugar as total energy and the total quantity of sugars intake would most likely not result in an additive decrease in caries risk.
Any single 24-hour dietary record is an imperfect measure of the "true" overall eating pattern because of the day-today variation in what people eat. It has been demonstrated (19, 20) that because of this wide variation, the magnitude of the relationships shown throughout the analyses based on single 24-hour recall interviews are underestimated, and that these underestimates will diminish as the number of interviews increases. Because we had an average of 5.2 dietary interviews for each subject our estimates of dietary averages are more precise than they would be if we had only one or two interviews. The multiple 24-hour recall interviews also allowed us to determine (based upon the formula described by BEATON et ed.) that the regression slopes observed were about two-thirds of the "true" value (i.e., the value that would have been obtained had diet been measured without error), which means that the coefficients used for Table 4 are underestimated by about 50%. Accordingly, we can adjust the estimate from the logistic regression model to say that each additional 5 g of daily sugars intake is associated with a 1% increase in the probability of developing caries during the three year interval. Similarly, the risk of approximal caries between those one standard deviation above compared to those one standard deviation below the mean for SUGARS"/., instead of being about 1.6 as suggested by Table 4 , is more likely to be close to 2.0. Such ad- justments tend to make the coefficients in Table 4 more statistically significant, and increase their clinical importance. It is also evident that we could not have detected any associations in this study had we relied on only a single 24-hour interview.
Results -Despite the extensive literature on the subject of sugars and dental caries, little risk assessment for the various faeets of sugar consumption relative to caries experience has been reported. One previous study from this group on this subject analyzed data from the first National Health and Nutrition Fxamination Survey (NHANES 1) (21). It found that the odds of having high DM FT scores for Americans aged 9-29 yr who consutned sugared soft drinks 3 or more tirnes per day, relative to nonconsumers, was 2.79. "High" DMFT scores in this study were defined as those above the 80th percentile of the DMFT distribution. The positive relationship between soft drink consumption and high DMFT scores l-emained after the other sources of sugar ingestion were aecoutited for. SREEBNY (18) used a regression tnodel to assess the risk of sugar consutnption by 12-yr-olds in the development of caries. MARTHALER (12) interpreted SREEBm''s analyses to conclude that for each additional 25 g of sugar per day, one tooth would becotne DMF. In his 1982 report, SREBBNY used sugar consumption data frorn the Food and Agriculture Organization of the United Nations, and caries data from the World Health Organizations Global Oral Data Bank. Some of these data may have lacked precision, and most were collected at a time when caries experience was rnuch higher than it is today in the developed world. In a tnore recent study with English schoolchildren, RUGG-GUNN and colleagues (17) found that for an increase of 83.3 g of sugar, caries rose by 1.0 DMFS, a tnuch weaker associatioti than SREEBNY found, and one which refiects the caries decline of reeent years. Because of the previously noted low variance iti caries among the Michigan children in our study, we chose to assess the probability of any increment, rather than use the DMFS value. In our data, exploratory analyses using litiear regression methods and DMFS increments suggest an even weaker association than that of RUGG-GUNN, a result attributable in large part to incrernents being lower than in the English study (2.9 DMFS over 3 yr versus 3.63 DMFS over 2 yr).
We conclude that the relationship between the intake of sugars and the probability of caries in this relatively low-caries population (mean incidence of less than 1.0 DMFS per year) can be summarized as follows: a. A higher proportion of total energy intake from sugars (SUGARS'/o) inereased the probability of earies on all surfaces, and a higher total daily intake of sugars (SUGARS) was also associated with total earies increment.
b. No relationships were found between total DMFS increment, pit-and-fissure increment, or approximal increment and the frequency of eating high sugar foods. c. Each additional 5 g of daily sugars intake was associated with a 1% increase in the probability of developing caries. d. Those for whom the proportion of total energy intake from sugars was one standard deviation above the mean had 2.0 times the risk of developing approximal caries relative to those one standard deviation below the mean.
